The effect of inflammation on appetite and food intake has been rarely studied in humans. In this study, we examined the association of C-reactive protein (CRP), as an inflammatory marker, with appetite and food intake among older hospitalized patients. A total of 200 older individuals, who were consecutively admitted to a geriatric acute care ward, participated in this prospective observational study. Appetite was evaluated using the Edmonton Symptom Assessment System (ESAS) and the Simplified Nutritional Appetite Questionnaire (SNAQ), respectively. Food intake was measured according to plate diagram method and participants were categorized as having food intake <75% and ≥75% of meals served. Nutritional status was evaluated using the Mini Nutritional Assessment Short Form (MNA-SF). In addition, serum CRP was analyzed and the levels >3.0 (mg/dL) were considered as moderate to severe inflammation. Of total population with mean age 81.4 ± 6.6 years (62.5% females), 51 (25.5%) had no inflammation and 88 (44.0%) and 61 (30.5%) had mild and moderate to severe inflammation, respectively. According to MNA-SF, 9.0% and 60.0% had normal nutritional status or a risk of malnutrition, respectively, whereas 31.0% were malnourished. Based on the SNAQ-appetite-question, 32.5% of the patients demonstrated poor and very poor appetite whereas 23.5% reported severe loss of appetite according to ESAS. Ninety-five (48.0%) of the participants had food intake <75% of the meals offered. Significant associations between SNAQ-appetite (p = 0.003) and ESAS-appetite (p = 0.013) scores and CRP levels were observed. In addition, significant differences were observed in CRP levels between intake ≥75% and <75% of meals served (p < 0.001). Furthermore, there were significant associations between appetite and nutritional status whereas malnourished older patients demonstrated a decreased appetite compared to those with normal nutritional status (p = 0.011). In a regression analysis, inflammation was the major independent risk factor for patients' appetite (p = 0.003) and food intake (p = 0.011) whereas other variables such as infection (p = 0.960), chronic inflammatory diseases (p = 0.371), age (p = 0.679) and gender (p = 0.447) do not show any impact on appetite. Our findings confirm that poor appetite and low food intake are associated with inflammation in older hospitalized patients, suggesting that inflammation may contribute an important aspect to the development of malnutrition in these patients.
Introduction
Malnutrition is a predominant clinical risk factor in older persons, which has detrimental effects on overall health such as physical functioning, quality of life, morbidity and mortality [1] . The process
Geriatric Assessment
Mini Nutritional Assessment Short Form (MNA-SF) was used to assess nutritional status [18] and subjects were grouped as having normal nutritional status (12-14 points) or a risk of malnutrition (8-11 points) and malnourished (0-7 points). Self-caring activities were determined using Barthel-Index (BI) [19] . The point's range of the German version of the BI is 0-100 pts., with 100 pts. indicating independence in all activities of daily living. In addition, frailty was evaluated using FRAIL scale [20] with score 0 being not frail, 1-2 pre frail and 3-5 frail. MoCA [21] was used to evaluate cognitive function and patients with total scores below 26 considered as cognitively impaired. Depression in Old Age Scale (DIA-S) [22] was performed to investigate depressive symptoms and subjects were categorized as having no depression (0-2 points), suspected depression (3 point) and probable depression (4-10 points). The risk of sarcopenia was investigated with the use of SARC-F questionnaire [23] that ranges from 0 to 10 and subjects with score ≥4 were defined as having probable sarcopenia. Charlson Comorbidity Index (CCI) [24] was used to determine medical comorbidities.
Assessment of Appetite
Appetite was evaluated using the Edmonton Symptom Assessment System (ESAS) [25] and the Simplified Nutritional Appetite Questionnaire (SNAQ) [26] at time of the hospital admission or the day after. Briefly, the 10-item ESAS comprises nine predefined symptom domains (pain, tiredness, nausea, depression, anxiety, drowsiness, appetite, well-being, shortness of breath) and an optional tenth symptom, which can be defined by the examiner. The numeric analogue scales range from 0 (no symptom) to 10 (worst possible). Accordingly, using ESAS, patients were grouped as having no (0-3 points), average (4-6 points) and severe (7-10 points) loss of appetite.
In addition, patient's appetite was evaluated using the 4-item SNAQ, which comprises questions about appetite, feeling of fullness, taste of food and the number of meals taken per day. For each question, scaling from 1 (worst possible) to 5, patients indicated the answer that could best apply to their current situation. SNAQ total score is maximum 20, whereas score <14 indicates risk of at least 5% weight loss within six months. Using the respective SNAQ-appetite question, participants were stratified as having very poor and poor (1-2 scores), average (3 scores) and good and very good appetite (4-5 scores).
Assessment of Food Intake
Food intake was determined using the semi-quantitative plate diagram method [27] at time of the hospital admission or the day after. Three senior nurses, who were trained in obtaining plate diagrams due to our clinical routine, were involved in estimation of food intake (intra-class correlation coefficient: 0.91). Briefly, patients' food intake was estimated for one day by a senior nurse after each main meal and recorded as having eaten all (100%), three-quarters (75%), half (50%), one-quarter (25%) or nothing (0%) of the meal served. Snacks between main meals and nutritional supplements were not considered. In all, final estimation of total food intake was calculated as intake percentage of all main meals divided by three and afterwards participants were categorized as having food intake <75% and ≥75% of meals served.
Measurement of C-Reactive Protein (CRP)
CRP was analyzed according to standard clinical procedures at hospital admission or the day after. Levels between 0.0-0.5 (mg/dL) and between 0.5-3.0 (mg/dL) are considered as no and mild inflammation, respectively. A level >3.0 (mg/dL) is considered as moderate to severe inflammation [28] .
Statistical Analysis
The statistical analysis was completed using SPSS statistical software (SPSS Statistics for Windows, IBM Corp, Version 24.0, Armonk, NY, USA). For normally distributed variables, continuous data are Nutrients 2019, 11, 1986 4 of 10 reported by means and standard deviations (SDs). Median values are expressed with interquartile ranges (IQR) for non-normally distributed data. Categorical variables are shown as absolute numbers and percentages (n, %). Associations of appetite scores and food intake levels with inflammation or nutritional status were tested for significance with Kruskal-Wallis test followed by pairwise comparison or Chi square test as appropriate. In addition, Wilcoxon-Mann Whitney test was performed to assess whether patients' appetite reflect food intake. Moreover, correlations between SNAQ-appetite and ESAS-appetite scores were calculated using the Spearman's rank correlation coefficient. An ordinal regression analysis was used to determine the impact of risk factors (i.e., CRP levels, infection, chronic inflammatory diseases, gender and age as independent variables) on patients' appetite (as dependent variable). A binary logistic regression analysis was also performed to examine the impact of inflammation on food intake while adjusting for other covariates, including frailty, cognitive impairment, depression and nutritional status. p < 0.05 was determined as the limit of significance.
Results:

Subject Characteristics
Baseline characteristics of study participants are summarized in Table 1 . Of 200 patients with mean age 81.4 ± 6.6 years (62.5% females), 25.5% had no inflammation and 44.0% and 30.5% had mild and moderate to severe inflammation, respectively. Major reasons of hospitalization were falls and fractures, pneumonia, osteoarthritis, post-stroke care and urinary tract infection. According to MNA-SF, 9.0% and 60.0% had normal nutritional status or a risk of malnutrition, respectively, whereas 31.0% were malnourished. The majority of the subjects were frail (81.0%) and demonstrated an impaired cognitive function (93.0%). In addition, 42.0% of the participants exhibited severe depressive symptoms and 82.0% had probable sarcopenia according to SARC-F. At time of the hospital admission, 15.5% and 11.0% of the patients had infectious (i.e., pneumonia and urinary tract infection) and chronic inflammatory diseases (i.e., rheumatoid arthritis, chronic hepatitis or COPD), respectively. Based on the SNAQ-appetite-question, 32.5% of the patients demonstrated poor and very poor appetite whereas 23.5% reported severe loss of appetite according to ESAS. Ninety-five (48.0%) of the participants had food intake <75% of the meals offered according to plate diagram, in which mean CRP was almost two times higher compared to the patients with food intake ≥75% (4.9 ± 7.3 vs. 2.1± 3.1 mg/dL, respectively; p < 0.001). BMI, body mass index; CRP, C-reactive protein; SNAQ score, Simplified Nutritional Appetite Questionnaire (maximum score 20, score <14 indicates risk of at least 5% weight loss within six months); SNAQ-appetite rated from very poor and poor (1 and 2 points), average (3 points) and good and very good (4 and 5 points); ESAS, Edmonton Symptom Assessment System; ESAS-Appetite categories as no (0-3 points), average (4-6 points) and severe (7-10 points) loss of appetite; MNA-SF, Mini Nutritional Assessment Short Form (normal nutritional status 12-14 points, at risk of malnutrition 8-11 points and malnourished 0-7 points); Food intake was measured according to the plate diagram; Frail Simple scale (not frail with score 0, pre-frail with scores of 1-2 and frail with scores of 3-5); SARC-F scores (high risk of sarcopenia with score ≥4); MOCA, Montreal Cognitive Assessment (scores <26 considered as cognitively impaired); DIA-S scores, Depression in Old Age Scale (no depressive symptom with 0-2 points, suspected depression 3 point and probable depression 4-10 points). Values are given as mean ± SD, number (%) or median (IQR, interquartile range).
Association of Inflammation with Appetite and Food Intake
Inflammation and appetite. Significant associations between SNAQ-appetite score and ESAS-appetite score and CRP levels were observed ( Table 2 ). There were significant differences in SNAQ-appetite scores between no and moderate-severe (p = 0.010) and between mild and moderate-severe (p = 0.009) inflammation but not between no and mild (p = 0.732) inflammation (Figure 1 ). We also observed the similar results using total SNAQ scores across categories of CRP levels with the corresponding significance as p = 0.011, p = 0.019 and p = 0.589, respectively. In addition, the proportions of patients with moderate to severe inflammation became progressively and significantly higher as the SNAQ-appetite scale worsened (from 16.0% in the category good and very good appetite to 44.0% in the category poor and very poor appetite; p = 0.011).
There were significant differences in ESAS-appetite score between no and moderate-severe (p = 0.010) inflammation but not between mild and moderate-severe (p = 0.234) and between no and mild (p = 0.406) inflammation. The proportions of patients with moderate to severe inflammation increased as the ESAS-appetite scale worsened, however the difference was not statistically significant (p = 0.060).
Furthermore, significant positive associations between ESAS-appetite and nutritional status were observed whereas malnourished older patients demonstrated a decreased appetite compared to those with normal nutritional status (p = 0.011). However, such associations were not seen between SNAQ-appetite and nutritional status (p = 0.108). Table 2 . Association between CRP levels and appetite scores and food intake in total population (n = 200).
SNAQ-Appetite Score
ESAS-Appetite Loss Score
Food Intake (<75% or ≥75% of intake There were significant differences in ESAS-appetite score between no and moderate-severe (p = 0.010) inflammation but not between mild and moderate-severe (p = 0.234) and between no and mild (p = 0.406) inflammation. The proportions of patients with moderate to severe inflammation increased as the ESAS-appetite scale worsened, however the difference was not statistically significant (p = 0.060).
SNAQ-
Furthermore, significant positive associations between ESAS-appetite and nutritional status were observed whereas malnourished older patients demonstrated a decreased appetite compared to those with normal nutritional status (p = 0.011). However, such associations were not seen between SNAQ-appetite and nutritional status (p = 0.108). There were significant associations between CRP levels and infection (p < 0.001) whereas 61.3% of patients with infection had moderate-severe inflammation. In contrast, appetite scores were not different across infection categories (SNAQ-appetite: p = 0.328 and ESAS-appetite: p = 0.186) indicating that association between appetite and inflammation is completely independent from infection. Even after excluding patients with acute infection, significant associations between SNAQ-appetite score (p = 0.007) and ESAS-appetite score (p = 0.016) and CRP levels were observed. In a regression analysis, inflammation (CRP) was the major independent predictor for patients' appetite (p = 0.003) whereas other variables such as infection (p = 0.960), chronic inflammatory diseases (p = 0.371), age (p = 0.679) and gender (p = 0.447) did not show any impact on appetite.
Inflammation and food intake. Similar to appetite, inflammation was significantly associated with food intake ( Table 2 ). In addition, 69.0% of patients with moderate-severe inflammation had food intake <75% compared to 30.0% in the category ≥75% of food intake (p < 0.001). In a logistic regression analysis, inflammation (p = 0.011) and frailty (p = 0.023) were the main independent predictors of low food intake whereas other variables such as cognitive impairment (p = 0.361), depression (p = 0.886) and nutritional status (p = 0.499) did not show any effect on low food intake.
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Association Between Food Intake and Appetite
Significant associations between food intake and appetite were observed (Table 3) . A poor appetite was significantly associated with lower food intake, since almost three-quarters of the total population with very poor and poor SNAQ-appetite (78.0%) or severe loss of appetite (75.6%) according to ESAS had food intake <75% (both p < 0.001). In addition, there was a significant negative correlation between SNAQ-appetite and ESAS-appetite scores (r = −0.676, p < 0.001). Table 3 . Association between food intake and appetite scores in total population (n = 200).
SNAQ-Appetite Score ESAS-Appetite Loss Score p value
Food intake <75% of intake <0.001 <0.001 ≥75% of intake SNAQ, Simplified Nutritional Appetite Questionnaire; ESAS, Edmonton Symptom Assessment System; Food intake was measured according to the plate diagram.
Discussion
In the present study, we observed positive associations between inflammation and appetite and food intake in older hospitalized patients. Indeed, loss of appetite and low food intake was accompanied by elevated CRP levels. Associations between higher levels of CRP, the most validated inflammatory marker, and poor appetite have been reported in hemodialysis [29, 30] and cancer patients [10] . We also have shown in a cross-sectional pilot study that elevated CRP levels were an important influencing factor associated with low food intake in older hospitalized patients [13] . In addition, results of a double-blind nutritional intervention study among hospitalized older patients indicated that participants with increased CRP levels had significantly lower energy intake [31] . However, authors of the latter study analyzed a mixed hospital population and did not assess appetite. To our knowledge, this is the first study investigating the association of inflammation with appetite and food intake in older hospitalized patients.
A major finding of this study was the strong and consistent relationship between loss of appetite and low food intake and higher levels of CRP. We observed that serum concentrations of CRP were almost two-fold higher in patients with food intake <75% of the meals offered. Therefore, our data clearly support previous findings [10, 13, 30, 31] that reported an association of elevated CRP levels with decreased food intake and loss of appetite in other populations. In addition, our study was able to demonstrate that this decrease of nutritional intake is very likely mediated by an inflammation related reduction of appetite sensation. Indeed, pro-inflammatory cytokines affect appetite regulation inducing loss of appetite and promote muscle catabolism [11, 30, 32] which have been previously reported in both renal failure [29, 30] patients and animal studies [33, 34] . Interestingly, in the present study, there was no measurable difference in appetite of patients with mild inflammation compared to those without inflammation. This could imply a certain threshold of inflammation that has to be exceeded before appetite is compromised. However, the size of the study population does not allow for determining the real magnitude of this threshold. The regulative role of inflammation on appetite and nutrition control has been also demonstrated in previous animal studies. Appetite behavior, nutrition sensing and energy metabolism have been shown to be under hypothalamic control. Hypothalamus receives signals about whole-body nutritional state via afferent signals from enteric nervous systems. Recent studies suggest that inflammation-occurring either within enteric and brain tissue or systemically, plays an essential role in hypothalamic adaptation [35, 36] .
In addition, we found a significant positive association of nutritional status and appetite scores, since the malnourished older patients revealed a worsened appetite compared to those with normal nutritional status. It should be noted that in this study, we investigated very old and critically ill patients who were admitted to a geriatric intensive care unit. Older patients often have multiple concurrent comorbidities [37, 38] that may reduce appetite and food intake which results in progression of malnutrition in these patients [31] .
Malnutrition is a predominant clinical risk factor with advancing age and may coexist with inflammation due to inflammaging [39] and many underlying chronic and acute diseases. Severe disease associates with tissue inflammation that results in several inflammatory responses such as anorexia and fatigue, which may suppress appetite and food intake and cause negative energy balance and development of malnutrition [31] . Nevertheless, the interplay between acute diseases, inflammation and malnutrition, all prevalent among older adults, may cause great changes on health outcomes [31, 40] . The findings of our study confirm the important role of appetite as a probable key mediator between inflammation and malnutrition in older patients.
Another important finding of our study was the significant associations between self-reported appetite and measured food intake. Indeed, in the current study, almost three-quarter of subjects with very poor and poor appetite had food intake <75% of the meals offered. A good appetite is necessary to maintain sufficient food and nutrient intake and to prevent the risk of weight loss, and nutritional deficiencies [26, 41] as a result poor appetite has been suggested to be one major cause of malnutrition [37] . Therefore, early determination of poor appetite and inadequate food intake in older individuals is an important issue to address, because it may allow developing effective interventions that could be performed before the onset of malnutrition and to avoid adverse health outcomes [42] . Our data suggest that appetite can closely reflect food intake in hospitalized older persons. Therefore, the measurement of food intake may be dispensable if diminished appetite is recognized in these patients.
Some limitations to the present study should be discussed. CRP alone has been used to measure inflammation whereas other inflammatory markers, which may indicate different or even stronger impact on appetite and food intake, were not considered. In addition, there are many reasons that could be responsible for diminished appetite and low food intake; therefore, residual, uncontrolled confounding cannot be excluded. Finally, it is impossible to prove causality with a cross sectional study, hence, future longitudinal research is needed to differentiate acute and chronic inflammation and the origin of inflammation to confirm causality.
Conclusions
Our findings confirm that poor appetite and low food intake are associated with inflammation in older hospitalized patients, suggesting that appetite may contribute to an important aspect in clinical health outcomes among these patients. Moreover, our data highlight that appetite is a reliable indicator in reflecting food intake in older hospitalized patients.
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